The Zika virus infection outbreak in Brazil in 2014 to 2015 resulted in the identification of previously unknown consequences of the disease, including the notorious microcephaly among many defects in fetuses born to women infected during pregnancy. A number of individuals were involved in this remarkable discovery, from the detection of viral circulation in the country to the studies on the causal link with congenital abnormalities and the provision of awareness and social support to families affected by the disease. In this article, we review the background to this experience, describing aspects of the epidemiology, medical research, and scientific response to the Zika virus outbreak in Brazil.
| INTRODUCTION

Zika virus (ZIKV) is a flavivirus transmitted mainly through the bite of
Aedes mosquitos, 1,2 but with documented transmission through blood transfusion [3] [4] [5] and sexual contact. [6] [7] [8] [9] [10] [11] [12] [13] Zika virus has been known to infect humans since the 1950s, with initial case reports from Nigeria, Uganda, and Tanzania Island of Yap; in this well-documented outbreak, 73% of the island residents aged 3 years old or older were estimated to have been infected, while approximately 80% of infections were asymptomatic. 15 Since then, ZIKV caused further outbreaks in other groups of Pacific
Islands. [16] [17] [18] Clinical descriptions of ZIKV were limited to mild to moderate symptoms of fever, maculopapular rash, myalgia, arthralgia, and conjunctivitis. Although possible transmission of ZIKV through the transplacental route or during delivery had been reported in 2014, 19 ZIKV-associated fetal abnormalities in infants born to women infected during pregnancy and neurological complications in postnatal infection were only recently recognized. In the last few years, the disease became the focus of intense medical research, with significant contributions from clinic-based health care providers and researchers in the affected areas of Brazil ( Figure 1 ).
| INITIAL REPORTS OF ZIKA VIRUS CIRCULATION IN BRAZIL
In late 2014 and early 2015, several reports of patients with acute low-grade fever, pruritic maculopapular rash, arthralgia, periarticular edema, and nonpurulent conjunctivitis, among other symptoms, were reported to the public health surveillance system in Brazil. The condition was clinically nonspecific, and etiologic investigation failed to detect dengue fever or Chikungunya. 20 The hypothesis of a measles outbreak was also investigated given the symptoms of skin rash and the recent outbreak described in the state of Ceara, 21 but was soon excluded. Interestingly, the disease seemed to cluster in households with several family members affected simultaneously or sequentially.
Clinicians and researchers in the northeast of Brazil ( Figure 2 However, the real magnitude of the ZIKV epidemic was unknown.
As informed by Dr. Guilherme Ribeiro, from Salvador, Bahia, the impression of many local doctors pointed to a much larger burden of cases. The difficulties in accurate diagnosis resulted from a combination of short-term viremia, limited sensitivity to detect ZIKV-RNA by polymerase chain reaction (PCR) assays, and the lack of reliable serology assays to detect ZIKV-specific IgM and IgG seroconversion. The association between ZIKV infection and GBS had been reported since 2014 in a case report from the ZIKV outbreak in French Polynesia. 34 In 2016, a case-control study analyzed 42 patients diagnosed with GBS following the same outbreak, suggesting a strong association between ZIKV infection, as determined by RT-PCR or serological assays, and hospital admission for GBS. 35 Although potentially overestimated, 36 this study provided important association estimates between ZIKV infection and GBS, and explored the potential impact of previous dengue infection on the occurrence of this neurological complication, further addressed in vitro. Initial reactions from health care providers and scientists in many countries were intensely skeptical, some providing alternative, noncausal explanations for the alleged association.
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In November 2015, ZIKV was detected in amniotic fluid samples of 2 pregnant women whose fetuses had microcephaly detected in ultrasound exams performed by Dr. Adriana Melo in the city of Campina Grande, state of Paraíba, 50 and shortly after ZIKV was detected in the blood and tissue samples of 2 stillborn infants with microcephaly. 27 A large number of human case reports and case series followed, as mutations potentially impacting mosquito infectivity have been described. 80 The existence of effect modifiers in the association between ZIKV infection and microcephaly has also been raised 24, 65 and is currently under investigation in cohort studies conducted in Latin America and the Caribbean. where a substantial proportion of the population remained susceptible and climatic conditions were favorable for the spread of mosquitoborne diseases, the reduction in ZIKV incidence was unanticipated.
As updated in June 2018, dengue incidence was remarkably low, 81 while Chikungunya occurrence paralleled the incidence observed in 2016. 81 In contrast, a large yellow fever outbreak occurred in the northeast of Minas Gerais state in 2017, with over 3000 notified cases. 82, 83 Variations in the incidence of arboviral diseases such as dengue and yellow fever have been documented in various settings. 84, 85 Interestingly, entomologic studies suggest that coinfecting arboviruses may compete within vectors, an effect known as superinfection exclusion. 86 This phenomenon was shown between different dengue serotypes 87, 88 and between dengue and yellow fever viruses 89 although not yet demonstrated for superinfections with ZIKV and other arbovirus. 
| What is the role of sexual transmission in the geographic spread of ZIKV and viral persistence between mosquito transmission seasons?
Although ZIKV is transmitted mainly through the bite of Aedes mosquitos, transmission through the bite of other arthropods has not yet been ruled out. [101] [102] [103] [104] [105] [106] [107] [108] In addition, infections through sexual contact and blood transfusion have been reported in several publications. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Interestingly, ZIKV shedding in genital fluids outdated shedding in other body fluids such as blood and urine, 109 lasting up to 6 months in 2 case reports. 10, 110 The virus has already been detected in semen from a vasectomized man 111 and has also been demonstrated in the head of spermatozoa by immunohistochemical fluorescence micros- 
| Can ZIKV infection impair male fertility?
Zika virus infection was shown to damage the testes in a mouse model, 113 and in a study that included 15 ZIKV-infected men, transient spermiogram and hormonal abnormalities were seen during the acute phase of the infection. 114 In a small series of 5 men with late-term confirmed infection from Brazil, 4 had significant spermiogram abnormalities. 115 The potential impact of ZIKV infection on human male fertility needs to be clarified. Larger cohort studies including men with late-term exposure to ZIKV are necessary to clarify this potential outcome.
| What are important gaps in health care for affected women, children, and families?
The large scientific interest in ZIKV infection and its associated neurological complications was not balanced with the interest in health and social support to affected women, children, and their families. cloroquine inhibits ZIKV infection in vitro and attenuates ZIKV-associated morbidity, mortality, and fetal microcephaly in mice. 124, 125 Monoclonal antibodies are also a promising strategy for prevention and treatment of ZIKV infection and other arboviruses. In a study includ- 
